The studies on the relationship between inflammation and cancer progression have been mostly carried out with monolayer cell cultures in vitro, which can be insufficient to mimic tumor tissue. Here, we established a three-dimensional (3D) cell culture model of inflammatory microenvironment for prostate cancer cells to better evaluate the role of inflammation in prostate carcinogenesis. Formation of the cell spheroids has been achieved for LNCaP, Du145, LNCaP-104r2 prostate cancer cell lines but not for RWPE1 normal prostate epithelial cell and PC3 by using 3D Petri Dish ® . We also showed that cells in inflammatory conditioned media might have a different response based on the culturing method. Overall, we are suggesting that 3D cell culture model can be a useful tool to study molecular alterations on proliferation and migration/invasion of tumor cells related to inflammation.
Introduction
Progression of prostate cancer mainly depends on the advanced age and genetic predisposition. Lately, studies have also focused on the effect of inflammatory microenvironment on prostate cancer progression, showing especially chronic inflammation, which is responsible for cancer initiation at 20% of adult cancers [1] .
Unfortunately, the studies of the relation between inflammation and prostate cancer have been mainly restricted to rodent models because of the insufficient complexity of in vitro cultures [2] . Although monolayer cells cultures are occasionally enough to analyze the changes in cell behavior against treatments, the techniques can mislead the results by disrupting cell-cell connections. To overcome these problems, researchers tend to use 3D cultures since they reflect in vivo conditions such as cell-cell interactions, cell polarity, mass transfer and so on more accurately [3] .
Our study aims to form spheroids from monolayer prostate cells and to validate the previously established inflammatory microenvironment model on 3D cell culture.
Materials and Methods

The Preparation of Conditioned Media (CM) and Measurement of Included Cytokines
To prepare CM, U937 monocyte cell line [in RPMI 1640 medium with 10% FBS (fetal bovine serum) at 37 °C with 5% CO2] was differentiated to macrophage and induced by phorbol acetate (PMA) and lipopolysaccharide (LPS), respectively as described previously [4] . The supernatant prepared from induced macrophages (conditioned medium-CM) was assessed with ELISA assay for TNFa (Invitrogen, Carlsbad, CA, USA), interleukin-6 (IL-6) and interleukin-1beta (IL-1b; Boster Biological Technology Co., Fremont, CA, USA) levels according to the manufacturer's recommendations following its filtration (0.2 mm). Optimized dose and courses of CM treatment were applied to the cells to induce the inflammatory response.
2D Cell Culture and Treatments
RWPE-1, LNCaP, DU145, and PC3 cells were obtained from American Type Culture Collection (ATCC, Manassas, VA, USA). 104R2 was requested from the originator laboratory. Normal prostate epithelial cells, RWPE-1, were cultured in Keratinocyte growth medium supplemented with Bovine pituitary extract and 5 mM EGF. While LNCaP cells were propagated in RPMI 1640 with 10% FBS, DU145 and PC3 cells were cultured in DMEM-F12 with 5% FBS adding by L-glutamine (2 mM), penicillin (100 U/mL), and streptomycin (100 mg/mL). Complete RPMI 1640 with 10% CT-FBS was used for 104R2 cells. All cell lines were maintained in standard cell culture conditions (37 °C, 5% CO2, 95% humidity).
For induction of NF-κB signaling, cells were fed with CM containing 500 pg/mL TNFα or 25 ng/mL recombinant TNFα (rTNFα) for 6 h.
3D Cell Culture and Transfer of Spheroids
In order to generate equal spheroids, 3D Petri Dishes with 96-well (Sigma-Aldrich, St. Louis, MO, USA) were used according to the manufacturer's recommendation [5] . Following 24 h incubation of spheroids in 3D Petri Dish at the standard culture conditions, spheroids were transferred to the agarose-coated 60 mm plates. For the transfer of spheroids, the technique, named liquid pressure, was improved based on washing spheroids from 3D Petri Dish. Briefly, the medium surrounding the molds was discarded, and vertically positioned 3D Petri Dishes in plates were washed with medium or treatment solution at least three times. To enhance the effectiveness of this technique, 3D Petri Dishes were also incubated upside down in the culture for 10 min.
Imaging and Western Blot
To monitor the spheroids, bright field images were captured by inverted microscope Olympus-CX41 (Olympus, Tokyo, Japan). Subsequent to the collection of spheroids, the analysis of proteins was performed by western blotting as described previously [4] . Following proteins were used; NFkB/p65, p-IkB-α (Ser32/36) (Santa Cruz, Inc., Santa Cruz, CA, USA), p-NFkB/p65(S536), IkB-α (Cell Signaling Inc., Danvers, MA, USA). HRP conjugated β-actin (Sigma-Aldrich, Hamburg, Germany) was used as a loading control. The HRP-anti-mouse and HRP-anti-rabbit secondary antibodies were purchased from Amersham, UK.
Results and Discussion
Formation and Transfer of the Spheroids
We tested five different prostate cells (RWPE-1, normal prostate epithelial cell line, LNCaP, DU145, and PC3 metastatic prostate cancer cell lines, LNCaP 104R2, LNCaP-derived castration-resistant cell line) to see if they are compatible with spheroid formation in our conditions. 24 h after the incubation of cells in 3D Petri Dishes, the spheroids were analyzed by phase contrast microscope. We confirmed that all cell lines used in this study assembled in wells properly (Figure 1) .
In order to detect whether cells preserve their spherical shapes, we transferred spheroids to 60 mm dishes following the formation of spheroids in 3D Petri Dishes. 6 h after the transfer, it was observed that LNCaP, 104R2 and DU145 cells maintained spherical shapes, whereas RWPE-1 and PC3 cells collapsed (Figure 1) . 
The Effect of CM Treatment Is Alleviated in 3D Compared to 2D
To analyze the effect of inflammatory microenvironment on cancer progression, we treated LNCaP cells with conditioned medium (TNFα concentration is 500 pg/mL) for both 3D and 2D cultures. We also applied recombinant TNFα (25 ng/mL) to 2D cultures as a positive control of NF-κB activation.
Any morphological changes based on the size of spheroids were not observed in CM-treated cells when compared to the untreated group. In addition, activation of NFκB signaling pathway was validated in 3D culture in LNCaPs ( Figure 2 ). As expected, NFκB/p65 level stayed stable whereas increased p-NFκB/p65(S536), which has been previously shown in 2D culture [4] , was observed in the CM-treated group in comparison to the control group 3D culture. On the other hand, increased p-IκB-α (Ser32/36) and degraded IκB-α protein level in 2D culture treatments remained unchanged in 3D culture (Figure 2 ). Overall, those results indicated that in vitro inflammatory microenvironment model in 3D cell culture is a useful tool for studies on inflammation-related carcinogenesis, however, appropriate positive controls for comparison to 2D cell culture and further optimization for different cell lines are still needed for reliable results. C. CM .
